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A. Task (bjective: A gorithm Devel opnent for d obal Mapping
of Phycoerythrin Pignment, D ssolved Organic Matter, and
Chl or ophyl | ous Pi grent

1. MODIS North Atlantic Test Site Establishment and
Char acteri zati on

The Test Site includes the New York Bight/ Md-Atlantic

Bi ght/ Qul f Stream Sargasso Sea and is conveniently | ocated
north and east of GSFC/ WFF. As previously reported,

the MODIS North Atlantic Test Site has been established as
originally proposed. Mich of the data obtained in the

nort hwestern portion of the test site will be used for

al gorithm devel oprment in Case 2 waters. Characterization has
been initiated by ship sanpling, aircraft overflights, and
anal ysis of historical data available fromw thin the NASA
ACQL project since 1980.

a. During this sem -annual reporting period airborne
m ssions were flown in the MODI'S Test Site during | ate August
and early Septenber 1996 in conjunction with the the Russian
Shirshov Institute of Cceanology. The flights were conducted
near a ship cruise led by U M scientist Dr. Neil Bl ough
The cruise lines to the Gulf Stream were overflown on the
northern portion and the southern portion. Backscatter
instrumentation, a BBC4, was supplied by Dr. Robert Maffione
of SRI (now of Sequoia Instrunents in Seattle, Washington).
These airborne mssions (and prelimnary test flights) wll
al | ow further devel opnent of the phycoerythrin
pignmental gorithm They will al so provide additional
eval uation of the recently-rebuilt AQL systemand w ||
provi de data needed to further calibrate the
fl uorescence/ Raman rati os derived fromthe ACL spectroneter
data to retrieve CDOM and chl orophyl | absorption
coefficients.

As previously suggested, the above airborne flights allow
continued eval uation of a new 256 channel ocean col or
spectroradi oneter designed and built at \Wallops Flight
Facility. It was found that the col or sensor possessed the
requisite sensitivity for ocean col or spectra in a high-
rate/l owintegration-time node needed to allow editing of
data containing sun glint. The prototype sensor was
successfully flown during the JGOS Iron Enrichment
Experinents off the coast of Ecuador in Novenber 1993. A
still higher sensitivity detector and hi gher resol ution



sensor was successfully flown in March 1995 and during the
JGOFS Arabi an Sea Experinment. Evaluation of the data
suggests that it is of good quality.

b. Gher Data Acquisition for Al gorithm Devel opnent

During Cctober through Decenber 1996 pervasive cl oud cover
allowed only two airborne flights in the MOD'S Mddle
Atlantic Test Site: Cctober 24 and 31. The Cctober 31 data
is superior to the Cctober 24 data and will be further used
t o adavance the phycoerythrin al gorithm devel oprent.

A manuscri pt describing sone of the chronophoric dissol ved
organic matter (DOM) retrieval needed for the phycoerythrin
al gorithmwork was published during a previous reporting
period. The reader should consult this paper for details of
the progress of the DOMretrieval using fluorescence nethods.
The paper is: Hoge, F.E, ME WIllianms, RN Swift, J.K
Yungel, and A Vodacek, Satellite retrieval of the absorption
coefficient of chronphoric dissolved organic matter in
continental margins, Jour. Geophys. Res. 100, 24847-24854,
(1995b).

Thi s paper is conplenented by a previous one that details the
retrieval of CDOM absorption coefficient with airborne

| asers: Inherent Qptical Properties of the Ccean: Retrieval
of the Absorption Coefficient of Chronophoric D ssol ved
Organic Matter from Al rborne Laser Spectral Fluorescence
Measurenents by Frank E. Hoge, Anthony Vodacek, Robert N
Swift and Janmes K. Yungel, Applied Optics 34, 7032-7038
(1995). The CDOM and the chl orophyl| absorption

nmust be satisfactorily nodel ed and retrieved before the
weakl y- absor bi ng phycoerythrin can be retrieved. A list of
t hese and other recent publications is given near the end of
this report.

New Al gorithm Method. As reported in the | ast sem -annua
report, a significant advance in the retrieval of inherent
optical properties (whose |ist includes phycourobilin
absorption coefficients and phycoerythrobilin absorption
coefficients) was published during this sem-annual reporting
period. The algorithmnmethod is a major departure fromthe
radi ance ratios used in the old CZCS al gorithnms. The new

nmet hod i s based on radi ance nodel s derived fromthe radiative
transfer equation (RTE). The linear matrix inversion
technique is detailed in : Hoge, Frank E. and Paul E. Lyon,
"Satellite Retrieval of Inherent Optical Properties by

Linear Matrix Inversion of Cceanic Radi ance Mbdels: An

Anal ysi s of Mddel and Radi ance Measurenent Errors", Jour.
Geophys. Res. 101, 16,631- 16,648, (1996). Wrk is now
underway to extend the method to include phycourobilin and
phycoeryt hrobilin absorption coefficients wwthin the matrix
inversion. No problens are anticipated with this effort.



a. The | aser receiver nodifications previously
reported in the 2nd half of 1995 have been very successful.
As we reported, in order to inprove the | aser measurenent of
phycoeryt hrin, the Airborne Oceanographic Lidar (AQL) was
rebuilt during that reporting period to | essen the persistent
stray light scatter problemin the spectronmeter. The
nodi fications include renoval of the rigid |ight-guides and
all turning mrrors conprising the original optical axis. A
fiber optic face plate now occupies the focal plane of the
new in-line optical path and transports the spectral
radi ati on to nechanically reconfigured banks of original
photonul tiplier tubes. The resolution of each channel of the
fiber optic face plate systemis ~4nmbut were optically
conbi ned at the photonultiplier tube face to achieve ~12nm
per channel for this experinent. The signal path fromthe
photonul tiplier tubes through and including digitization
remain essentially the sanme as reported previously. Conpared
to the original light guides, the fiber optic channels have
superior scattered light rejection ascribed to a
consi derably smaller view ng or acceptance angl e.
Furthernore, a Bragg diffraction filter in the collinmated
segment of the |ight-path bl ocks passage of 532nmradi ation
to the diffraction grating and subsequent fiber optic focal
pl ane. The 532nm pul se reflected fromthe Bragg diffraction
filter is used to tenporally define the ocean surface target
and initiate digitization of the fluorescence spectra. A
spectral and radionetric calibration is perforned before and
after each flight mssion by viewing an internally
illumnated 0. 75mdi aneter calibration sphere placed beneath
the aircraft tel escope viewing port. Immediately follow ng
the 0.75m sphere calibration, a separate on-board 10cm
calibration sphere is viewed by nechanically introducing (at
the focal plane of the telescope) fiber-optically-delivered
radiation froma tungsten lanmp (followed by 40ns pul sed red
LED s). The small calibration sphere allows inmedi ate
transfer of the 0.75m sphere calibration into the aircraft
domain. The pul sed LED s then provide transfer of the ground
(and onboard) DC tungsten lanp calibrations to the wde
bandw dt h pul sed portion of the AQL
detection/anplification/digitization
system Calibration is maintained in flight by periodically
viewi ng the 10cm calibration sphere. Conplete details of the
new ACQL configuration are excepted to be described in other
publ i cati ons.

b. As previously reported, nodifications to the AQL
now have al |l ow the discrimnation of phycoerythrobilin and
phycourobilin during airborne flights and the data are now
bei ng anal ysed for publication. Specifically, phycoerythrin
fl uorescence has been observed from airborne platforns since
1979. However, the spectral shifts associated with the
i ndi vi dual phycobiliproteins (PBP), phycourobilin (PUB) and



phycoerythrobilin (PEB), were not readily observabl e.

Modi fications to the original NASA A rborne Cceanographic
Lidar (AQL) optics now permt spectral shifts associated with
PEB and PUB pignments to be observed. This in turn allows
possi bl e application of the airborne methodol ogy to w de area
mappi ng of PEB and PUB spatial variability. This will
significantly enhance the nodelling and retrieval of these

pi gnment absorptions due to phycoerythrin. A manuscript is
now in preparation to report the observation of airborne

| aser induced spectral shifts associated with PUB and PEB

pi gnent s.

2. Selection of Case 1 Data Sets.

As given in a prior report, airborne active-passive ocean
color data acquired within Case 1 oceanic regions with the
NASA Ai rborne Cceanographi c Li dar have now been screened for
use in algorithmdevel opnent. The AQOL active-passive data in
the northwestern Atlantic Ccean east of St. Johns

Newf oundl and (obtained in 1989 as part of the Joint d oba
Ccean Flux Study of the North Atlantic Bl oom Experinent)

di spl ayed remarkabl e quality and freedom from non-

chl orophyl | ous backscatterers and is the basis of the forward
nodel i ng paper published in Applied OQptics. The paper was
reported above: Cceani c radi ance nodel devel opnent and

val i dation: Application of airborne active-passive ocean
color data. This manuscript shows that vol um nous, wi de-area
airborne active (laser) and passive (solar) ocean col or
spectral data can be used to devel op radi ance nodel s and
currently provide for their validation. The application

of such nodels to al gorithm devel opnent by direct inversion

i s under devel opnent. Such inversion was detailed in the
recently devel oped ATBD. The St. Johns data, and that
obtained in other regions of the ocean, is being used to
establish the baseline radi ance nodel to be used

for the retrieval of phycoerythrin pigment (as well as DOM
and pignent). Qher data sets fromthe Monterey Bay flights
(Sept 1992) and Md- Atlantic Bight (April 1989 and 1991) are
still under eval uati on.

B. Gther Wrk Acconplished

1. Additional Revision of the Algorithm Theoretica
Basi s Docurent (ATBD).

The ATBD revision is being rewitten and will be based on the
radi ative transfer equation (RTE). Additionally, the matrix
i nversion reported above will be applied to the new

t heoretical devel opment. The new inversion theory shows

prom se for dramatically increased through-put

of data. The revised docunent will detail the new procedure.
Exi sting MODI' S bands are expected to be sufficient to effect
the linear matrix retrieval



2. Ship Data.

During the next sem annual reporting period we expect to
obtain data during overflight of the RV Cape Henl open with
Chief Scientist Dr. Neil Bl ough

As previously reported in the above Li mol ogy and

Cceanogr aphy paper, recovery of the absorption coefficients
for the |ight-absorbing or chronophoric conponents of the

di ssol ved organic matter (aCDOM fromtheir fluorescence

em ssi on has been established by | aboratory anal yses of the
surface sanpl es gathered fromthe Feb. 28, 1991 cruise as
wel | as other cruises. These absorbance and fl uorescence

anal yses, (and work reported by others), show that absorption
coefficients in the near ultraviolet can be directly
retrieved fromneasurenents of the fluorescence em ssion of
CDOM  Thus, absorption coefficients in the visible spectrum
can potentially be obtained fromthe fact that CDOM
absorption is exponentially a function of wavel ength. The
errors in the | aboratory fluorescence neasurenents were

m ni m zed through the conbi ned use of the water Raman scatter
as an internal radionetric standard and a qui nine sulfate
solution as a reference. This nethodol ogy reduces aCbOM
algorithmretrieval errors (reported by other researchers)
primarily attributable to the use of commercia

spect rophot onet ers havi ng maxi nrum opti cal path | engths of 10
cm Wile the aCDOMretrieval appears feasible, the

rel ati onshi p between aCbDOM and CDOM f | uorescence em ssion is
susceptible to changes in CDOM fl uorescence yield, so the
conti nued tenporal study of marine sanples from nmany diverse
oceanic locations is needed. Wien applied to shipboard and
aircraft laser fluoroneters, this retrieval methodol ogy and
the resulting CDOM absorption coefficients will be used in
ocean col or nodel s and associ ated satellite sensor/al gorithm
devel opnent directly ained at phycoerythrin retrieval.

The DOMis inportant since it is a mgjor interferant to the
detection and quantification of chlorophyll and chl orophyl |
accessory pignents (CAP) such as phycoerythrin. Mreover,
DOMis a contributor to the carbon cycle itself.

3. Satellite Data Analysis

The retrieval of phycourobilin and phycoerythrobilin has been
advanced by the recent denonstration of the retrieval of
chronophoric di ssolved organic matter from CZCS data. The
results have been published in JGR as di scussed above: Hoge,
FE, ME WIllianms, RN Swift, J.K Yungel, and A Vodacek,
Satellite retrieval of the absorption coefficient of
chronphoric dissolved organic matter in continental nargins,
Jour. GCeophys. Res., in press, 1995. This is an inportant
step toward the ultimte goal of retrieving CODOM chl orophyl |
absorption coefficient, phycoerythrin absorption coefficient
and total constituent backscatter.



A In Situ Optical Characterization of the MDD S
North Atlantic Test Site.

The continued characterization of the Test Site is partially
described in the previously nmentioned publications.

B. Phycoerythrin Al gorithm Devel opnent Activities
Plans call for us to again directly address the
guantification of the phycoerythrin signal as outlined in the
original MODIS proposal. The phycoerythrin retrieval is being
dealt with by inversion of ocean radi ance nodels. Details of
t he phycoerythrin retrieval appear in the ATBD as submtted
to the project office.

C. Chlorophyll Pignent and CDOM Corrections to the
Phycoerythrin Al gorithm

As previously reported, major perturbations or influence to
t he ocean col or spectrum are provided by chlorophyll, CDOM
and total constituent backscatter. These oceanic
constituents significantly inpede the retrieval of
phycoerythrin pigment fromthe upwel | ed radi ances. They nust
be dealt with in a systematic way in order to understand
their effects and the inpact on the retrieval of
phycoerythrin and its ultimate quantification. 1In situ and
airborne data gathered to date will be used to nodel the
effects and to ascertain the extent that they can be
guantified and renmoved. Recently published chl orophyl |

pi gment nodel s are being used for the pignent absorption.
Qur own CDOM nodel is being used for recovery of chronophoric
di ssolved organic matter. Finally, the literature is being
surveyed for the best avail able detritus absorption nodel.
The nost pressing nodeling problemis the availability of
sui tabl e chl orophyl | ous and nonchl orophyl | ous particul ate
backscatter nodels.

D. Anticipated Activities During Next Half Year.

1. Additional flights of the NASA Airborne
Cceanographi ¢ Lidar are planned within the MDD S Test Site.
Specifically, overflights of cruises of the research vessels
in conjunction with the ONR/ Univ. MD (Dr. Neil Bl ough)

2. No international field excursion is planned
during 1996.
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F. Oher Concerns

As reported previously, the lack of a 600nm band on MODI S-N
is no longer felt to be the biggest problemfacing the
retrieval of the phycoerythrin pignment. Additional effort
since the last report still suggest that radi ance (and

refl ectance) nodels, can provide retrieval of the
phycoerythrin pignment at the absorption peaks of 495nm
(phycourobilin, PUB) and 545nm (phycoerythrobilin, PEB) can
be achi eved using the 490nm and 555nm MODI S bands. O
course, such retrievals will require a highly accurate node
to account for the significant anounts of chlorophyll and DOM
absorption occurring sinmultaneously with the phycoerythrin
absorptions. The details of the phycoerythrin retrieval have
been recently detailed in the ATBD but are bei ng upgraded to
linear matrix inversion of a radiance nodel that includes the
phycoeryt hrobilin and phycourobilin absorption coefficients.



